The site-density distribution functions for ideal polyatomic molecular gas under arbitrary external fields are given by
where is the number of sites, is the number density of the ideal polyatomic molecular gas, and is the intramolecular bonding function between sites a and b. As pointed out by Chandler et al. 3 , the external fields are not obtained as a simple functional of the site-density distributions because of the nonlinear inverse problem of in Eq. (A1).
As a result, we cannot obtain the exact intrinsic free-energy functional for ideal polyatomic molecular gas , since we cannot perform the functional integral of the Euler-Lagrange equation defined by
where is the chemical potential for site of ideal polyatomic molecular gas. In order to avoid the functional integral of Eq. (A2) with respect to the density functional of , we can alternatively apply the reference-modified density-functional theory (RMDFT) to the derivation of an approximate functional for , where ideal multicomponent gas is employed as the reference system of RMDFT. The Euler-Lagrange equation for the ideal multicomponent gas is give
where is the intrinsic free energy functional of the ideal multicomponent gas, and and are the external field and chemical potential for component of the ideal multicomponent gas. The external fields for the ideal multicomponent gas are defined so that .
Here, we introduce the excess intrinsic free-energy functional for and the excess chemical potential for that are defined as the differences from reference ideal multicomponent gas as follows:
,
.
is approximately obtained by using the second-order density-functional Taylor expansion as follows:
In this equation, we use , 
where .
This equation is regarded as the hypernetted-chain-type approximation for the intrinsic free-energy functional of ideal polyatomic molecular gas.
3D-RISM calculation
We need the site-density distribution functions to calculate SFE using Eq. (40). In the study presented here, we employed three-dimensional reference-interaction-site-model (3D-RISM) theory 5, 6 to calculate .
The 3D-RISM theory is an integral equation theory that is used to obtain the solvent distribution functions from intermolecular potential functions and the thermodynamic conditions (i.e., temperature and density). It produces the distribution functions of solvent molecule around solute molecule. The theoretical procedure of the methods has two steps. The first step is to calculate the pair correlation functions in the aqueous solution based on the solvent-solvent 1D-RISM theory, 7, 8 which represents the microscopic structure of the distribution of water molecules. In the second step,
we immerse a solute molecule into the solvent and calculate the 3D distribution functions of solvent
can be written as . 
and ,
where is the intermolecular interaction potential between sites and on solvent 
and .
